Cholesterol is an essential component of cellular membranes and is central to maintaining both membrane integrity and fluidity, as well as regulating membrane protein function, cell signaling and ion permeability (5) . In addition, cholesterol is the precursor molecule for synthesis of cellular components such as bile acids, oxysterols, and steroid hormones. Cholesterol homeostasis is tightly regulated at both the cellular and whole-body levels (6) . While the homeostasis of serum and tissue cholesterol has been well defined, many details of intracellular cholesterol regulation and trafficking are still to be elucidated. 
EXPERIMENTAL PROCEDURES

Materials -Hoechst and LysoTracker Red dye
were purchased from Invitrogen (Carlsbad, CA).
Filipin dye was obtained from Sigma-Aldrich (St.
Louis, MO). α-Tocopherol and δ-tocopherol were purchased from Sigma-Aldrich and purified by HPLC to purity greater than 99%. β-Tocopherol (racemic), α-tocotrienol, β-tocotrienol, and γ-tocotrienol were obtained from Sigma-Aldrich in analytical standard grade (purity ≥ 97%). γ- supplemented with 10% fetal bovine serum (FBS), 100 unit/ml penicillin and 100 g/ml streptomycin in a humidified incubator with 5% CO 2 at 37°C.
Approved drug collection -A collection of 2,816
compounds approved drugs that were dissolved in DMSO solution as 10 mM stock solution. were set up as described previously (17 analysis (Fig. 1B) . In addition to the reduction of unesterified cholesterol, cholesteryl esters were also reduced in the NPC1 cells after the treatment with -T (Fig. 1C) . To assess the specificity of -T
to reduce cholesterol accumulation, we tested -T in Wolman fibroblasts. Wolman fibroblasts have significantly decreased levels of LAL activity and accumulate cholesteryl ester in lysosomes. We found that -T effectively reduced total cholesterol, including cholesteryl ester. -T was the most potent (EC 50 = 9.0 M) one among the vitamin E isoforms in the Wolman fibroblasts (Fig. 1A) . We also found that all the vitamin E isoforms exhibited no cytotoxicity up to 80 M in the treatment of control and patient cells for four days except -tocotrienol and -tocotrienol, which showed cytotoxicity at 80 M (Fig. S2) . These results suggest that increased cholesterol efflux by -T may not be mediated by activation of a specific cholesterol efflux pathway, but rather by increasing the general cholesterol efflux through diverse cellular pathways (27) . (Fig. S6B ).
-T reduces lysosomal
-T increases intracellular
To examine the potential effect of -T on the endocytosis, we treated the fibroblasts with a fluorescent dextran dye that enters the cells via endocytosis and becomes fluorescent in acidic compartments. We found that the treatment with -T did not alter the fluorescence intensity of this dye in the endocytic vesicles in both NPC1 and Wolman cells (Fig. 4F) , indicating that -T does not affect the endocytosis. We also measured the pH in late endosomes and lysosomes using a fluorescent pH indicator dye. The treatment with -T in the fibroblasts did not change the fluorescence intensity of this pH dye staining in acidic compartments (Fig. S3) , suggesting that -T does not affect the pH in late endosomes and lysosomes.
-T stimulates lysosomal exocytosis in NPC1
and Wolman fibroblasts -2-hydroxypropyl--cyclodextrin has been reported to promote a calcium-dependent lysosomal exocytosis, which offers a potential mechanism for its cholesterolreducing effect in NPC1 fibroblasts (16) . We measured lysosomal exocytosis in -T-treated NPC1 and Wolman fibroblasts by determining the activity of -hexosaminidase (HEXB), a lysosomal enzyme, in the extracellular medium.
We found that HEXB activity increased in culture medium after 40 M -T treatment for 24 hours compared with the vehicle treated cells (Fig. 5A, B and C). The increased HEXB activity in culture media stimulated by the 24 hr incubation with -T exhibited different kinetics and extent of enzyme release than that induced by the calcium ionophore ionomycin ( Fig. S7A-C) . The basal levels of HEXB activity in the culture media were also higher in the NPC1 and Wolman fibroblasts compared to that in the wild type cells (Fig. S7D ).
We then determined the effect of -T on the secretion of flotillin 2, an exosome marker, whose secretion was increased by 2-hydroxypropyl--cyclodextrin (HPBCD) and ionomycin in fibroblasts (16) . Treatment with -T stimulated the secretion of flotillin 2 ( Fig. 5D) , indicative of release of endolysosomal-derived vesicles. We also observed in the electron microscopic images a tendency for the stored materials (in endosomal and lysosomal compartments) to be distributed closer to the plasma membrane and more distant from the nucleus in addition to a reduction in amount of stored materials after treatment with 40 M -T (Fig. 5E ). Taken together, these results demonstrate that the pharmacological effect of -T may be mediated by the increase of cytosolic Ca (Table S1 ). Whereas untreated fibroblasts showed increased
LysoTracker staining, indicating the enlarged lysosomes ( Fig. 6A and B and neuroprotection (43, 44) . Vitamin E contains a chromanol ring with a hydroxyl group that is responsible for its antioxidant effect and a 13-carbon hydrophobic phytyl side chain that inserts into the plasma membrane (45) . -T, the major vitamin E isoform in human plasma, prevents apoptosis induced by 7-ketocholesterol, one of cholesterol oxidation products in neuronal cells that is markedly increased in NPC1 disease (46) . -T has also been shown to stimulate mast cell degranulation, a secretory form of exocytosis (47) .
This effect of -T was not mediated by an upregulation of genes for proteins involved in vesicular transport (e.g., Nsf, Cplx2, Snap23, and 
